Sandia National Laboratories (SNL) is leading an effort to evaluate vertical high pressure Bridgman (VHPB) Cd 1-x Zn x Te (CZT) crystals grown in the former Soviet Union (FSU) (Ukraine and Russia), in order to study the parameters limiting the crystal quality and the radiation detector performance. The stoichiometry of the CZT crystals, with 0.04<x<0.25, has been determined by methods such as proton-induced x-ray emission (PIXE), x-ray diffraction (XRD), microprobe analysis and laser ablation ICP mass spectroscopy (LA-ICP/MS). Other methods such as triaxial double crystal x-ray diffraction (TADXRD), infrared transmission spectroscopy (IR), atomic force microscopy (AFM), thermoelectric emission spectroscopy (TEES) and laser induced transient charge technique (TCT) were also used to evaluate the material properties. We have measured the zinc distribution in a CZT ingot along the axial direction and also its homogeneity. The (Cd+Zn)/Te average ratio measured on the Ukraine crystals was 1.2, compared to the ratio of 0.9-1.06 on the Russian ingots. The IR transmission showed highly decorated grain boundaries with precipitates and hollow bubbles. Microprobe elemental analysis and LA-ICP/MS showed carbon precipitates in the CZT bulk and carbon deposits along grain boundaries. The higher concentration of impurities and the imperfect crystallinity lead to shorter electron and hole lifetimes in the range of 0.5-2 and 0.1 µs, respectively, compared to 3-20 and 1-7 µs measured on U.S spectrometer grade CZT detectors. These results are consistent with the lower resistivity and worse crystalline perfection of these crystals, compared to U.S.-grown CZT. However, recently grown CZT from FSU exhibited better detector performance and good response to alpha particles.
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INTRODUCTION
Cd 1-x Zn x Te (CZT) crystals, with 0.05<x<0.4, are leading materials for room-temperature operating radiation detector applications. [1] [2] [3] [4] [5] Due to the addition of Zn, CZT has a larger energy gap than CdTe and, therefore, also has some distinct advantages over CdTe by having a higher value of bulk resistivity, lower dark current and reduced electronic noise. Crystal growth of CZT is performed by different methods; however, for radiation detector applications, it is performed mainly by a vertical high-pressure Bridgman (VHPB) process. Sandia National Laboratories has been involved in many studies to characterize the various VHPB grown CZT crystals produced commercially in the United States and in parallel has also evaluated CZT crystals grown in Russia 6-11 and in the Ukraine.
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The present need for higher-grade CZT spectrometers, with better electrical properties, requires higher purity for the starting materials and higher crystalline perfection of the final product. Better understanding of the growth parameters is a must in order to improve the material quality. It is not clear yet how much the microstructural defects, such as precipitates and inclusions, affect the total performance of the CZT. Observation by scanning electron microscopy (SEM), atomic force microscopy (AFM), 12 and infrared (IR) transmission shows many structural defects, carbon precipitates and highly decorated grain boundaries, which may deteriorate the crystal's electrical properties. These defects are much less common in spectrometer grade CZT detectors. It is suspected that microstructural defects, which can potentially deteriorate the electrical properties of the detector [8] [9] [10] [11] 13 are generated during the growth process. Alpha particle spectroscopy is one of the most common methods used to evaluate the electrical properties of wide band gap semiconductors, however, it appears that the highly imperfect regions of the detectors do not respond to alpha radiation and hole transport properties are difficult to quantify. In order to evaluate the electrical properties of those regions, a much more intense source of energy is required to produce detectable electron hole pairs. One possible source is a pulsed laser, which produces many orders of magnitude more charge in each pulse. Some preliminary electrical results using the combination of focused pulsed laser and IR transmission micrographs will be described later in this paper. In parallel, we have focused on the evaluation of the elemental impurities in the bulk CZT as well as of the microstructures. The most common elemental analysis method used was the ICP/MS or ICP/OES, which involve a few steps prior to the analysis such as dissolution of the CZT sample in an acidic aqueous solution. Unfortunately, its sensitivity is limited by the dissolution rate and the residue of non-soluble substances. Additional impurities could be introduced from the solvent itself. To overcome this disadvantage, we used the laser ablation ICP/MS method which is more sensitive, especially for the minor impurities, and for the low Z elements such as carbon. Carbon was found to be one of the main impurities in Russian and Ukrainian CZT, which originates from the graphite-coated growth crucible. In an earlier publication, 10 it was shown that carbon could be found as precipitates in the middle and also along grain boundaries. These impurities could, in turn, lower the resistivity and increase the leakage currents, thus deteriorating the electrical properties. Using microprobe elemental analysis, carbon was measured on numerous precipitates and grain boundaries (presented below) supporting this hypothesis.
CRYSTAL GROWTH
Russian p-type CZT 10 was prepared using pre-synthesized ZnTe and CdTe mixed in the desired proportion of 5N purity Zn, Cd ("ELMA," Russia) and Te ("Pure metal plant," Ukraine). An excess of 1% tellurium was added to the ZnTe and CdTe mixtures, and the mixtures were synthesized at 980 and 1100°C, respectively. The Ukrainian CZT was similarly grown and it also has a p-type character. The Russian crystals were then grown using the VHPB method 8, 9 under 8 MPa argon pressure and at a crucible pulling rate of 2 mm/h, whereas the Ukrainian material used a similar VHPB method but with a pulling rate of 0.5-0.8 mm/h. The Russian and Ukrainian n-type CZT 10 crystals, were prepared in a similar way to the USA ntype grown material, by directly mixing the elements Cd, Zn and Te, presynthesizing CZT, and then growing the crystals in a similar way as the p-type CZT. Some of the results obtained on both n-type and ptype Russian CZT are published elsewhere.
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MICROSTRUCTURE MEASUREMENTS
The infrared microscopy setup includes a Research Devices infrared microscope and 570 lines Sony B/W CCD camera. In addition, we have a macro IR transmission setup which includes Apogee CCD camera with resolution of 1500 × 1000 pixels and 12 bit gray levels. The optics includes wide ranges of 35 mm Nikon lenses and filters. Infrared microscopy has been used to identify small precipitates, inclusions, grain boundaries, voids and pipes, as well as photographing of large CZT wafers. The resulted micrographs then were used with other evaluation methods such as AFM, TCT, SEM, microprobe elemental analysis, XRD and charge transport mapping in order to correlate spatially between the detailed microstructural defects and other electrical and chemical properties. The infrared transmission micrographs shown in Fig. 1 display a grain boundary in CZT.
TCT MEASUREMENTS
Electrical transport properties, such as mobility µ, and trapping lifetimes τ, for electrons and holes have been obtained using pulsed laser transient charge technique (TCT). This method has been applied prior to this study to measure the electrical transport properties of mercuric iodide. 13 The system is equipped with a 3 ns-pulsed 337 nm nitrogen laser and a laser dye, LN 2 cold temperature stage, vacuum test chamber with an optical window on top, fiber optic cable and an oil-free vacuum pump. The pulsed laser made by LSI model VSL-337 with attached dye module was tuned to a wavelength of 52 5nm. The pulse width is Fig. 1 . Transmission IR images of highly decorated Russian CZT. Left: round shape voids and precipitates on the grain boundaries. Right: 50 mm diameter center slice of sample #61974, the left arrow points to a black region, which could be a carbon or tellurium layer located on a grain boundary. The top dark region is solid tellurium.
